Backgrounds/Aims: Preoperative nutritional status has been reported to influence patient outcomes after pancreatectomy. The Prognostic Nutritional Index (PNI) is a useful parameter to reflect the outcomes of patients undergoing gastrointestinal surgery. Therefore, the relationship between the PNI and clinicopathological factors, surgical data, and postoperative morbidity were retrospectively evaluated at two academic institutes in a cohort study. Methods: Curative pancreatectomy was performed on 222 patients at the University of Nagasaki between 1995 and March 2015, and 101 at the University of Miyazaki between April 2015and March 2018. The PNI was calculated using preoperative albumin and total cholesterol levels. Results: The mean PNI in our series was 39.2±5.4 and the prevalence of PNIs less than 40 was observed in 134 patients (44%). The PNI was not significantly different between normal, hard, and fatty architecture of the pancreatic parenchyma. The PNIs were significantly negatively correlated with higher age (p＜0.01), but not with gender, co-morbidity, or habits. The PNI was significantly correlated with levels of hemoglobin, prothrombin activity, choline esterase, total protein, albumin and cholesterol (p＜0.01), and with postoperative total protein and albumin levels (p＜0.05). Although the preoperative PNI tended to be lower in patients with total postoperative complications, no significant differences for each complication were observed. Conclusions: Although the preoperative PNIs reflect the perioperative nutritional status, its predictive usefulness for postoperative complications could not be significantly confirmed. 
INTRODUCTION
Perioperative management and recent advances in surgical techniques for pancreatectomies have provided improved patient outcomes. 1, 2 Although the mortality rate has remarkably decreased, the postoperative morbidity rate is still high compared to other gastrointestinal surgeries. 3, 4 Furthermore, patients with peri-pancreatic malignancies or accompanying pancreatic injury due to pancreatic juice obstruction, have low nutritional statuses. Various prognostic nutritional indices (PNIs) have been proposed and Onodera's PNI proposed in 1984 has often been applied in the field of gastrointestinal surgeries in Japan to predict operative risk. [5] [6] [7] [8] [9] In Onodera's PNI, less than 40 or 45 indicates the severity of a patient's status and their complications after surgery 6 however, the clinical significance of this index in pancreatectomies has not yet been fully elucidated. We hypothesized that Onodera's PNI was closely related to perioperative patient demographics, surgical data, and short-term outcomes.
The aim of the present study was to determine the predictive significance of the PNI on the outcomes of patients with various diseases after pancreaticoduodenectomy (PD) or distal pancreatectomy. The relationship between the PNI and clinicopathological factors, surgical data, and post-pancreatectomy complications in 323 consec-utively selected patients who underwent elective pancreatectomies at two academic institutes, performed by the first author between 1995 and 2018 was investigated.
PATIENTS AND METHODS

Patients
The clinical records of 222 consecutively selected patients undergoing pancreatectomies at the Department of 
RESULTS
Patient demographics, laboratory data, surgical data, and outcomes When accompanied by complications or habits, diabetes was observed in 91 patients (28%), hypertension in 100 The mean blood loss was 1198±920 ml (range, 10-6600 ml) and the mean red cell blood transfusion was 350±653 ml (maximum range, 4150 ml), and transfusions were performed in 107 patients (35%). The mean operative time was 559±187 minutes (range, 167-1265 minutes). Soft normal architecture of the pancreatic parenchyma was observed in 215 patients (67%), accompanying pancreatitis in 99 (31%), and fatty or fragile pancreases in nine (2%).
Dilatation of the main pancreatic duct was observed in 99 patients (29%). Extended lymphadenectomies were performed in 256 patients (79%).
The mean duration between surgery and oral intake was 13±13 days (range, 2-95 days). The decrease in body weight between surgery and hospital discharge was 3.4±2.8 kg.
Within 28 postoperative days, the lowest total protein and albumin levels were 5.1±0.7 and 2.7±0.5 g/dl, respectively. The lowest choline esterase and total cholesterol levels were 127±69 IU/L and 109±36 mg/dl, respectively.
The highest total bilirubin and amylase levels were 2.2± Comparison of the pancreatic architecture, laboratory data, and postoperative morbidity are shown in Table 1 .
In laboratory data, choline esterase levels in the fatty and fragile pancreas group were significantly higher than in 
Relationship between PNIs and other parameters
The relationship or correlation between the PNIs and clinical factors, laboratory data, surgical data, and patient outcomes are shown in Table 2 . The PNIs were significantly negatively correlated with higher age (p＜0.01), but not gender. In preoperative co-morbidity and habits, there was no significant difference in the PNIs. In the preoperative laboratory data, the PNIs were significantly correlated with hemoglobin, prothrombin activity, choline esterase levels, total protein and albumin levels, and total cholesterol levels (p＜0.01). In patients undergoing PD, the PNIs were significantly higher than in patients with other pancreatectomies (p＜0.05). In the postoperative laboratory data, the PNIs were significantly correlated with total protein and albumin levels (p＜0.05). Although the preoperative PNIs tended to be lower in patients with postoperative complications, this was not significantly different in the absence or presence of each complication. 6 proposed a modified PNI in a Japanese patient series. These
PNIs well-reflected the patient risk with respect to morbidity or mortality in gastrointestinal surgery. [6] [7] [8] [9] Pancreatectomy, particularly PD, is a high-risk operation compared to gastrectomies or colectomies because of its increased invasiveness. 3, 4 Mortality and morbidity were still important concerns in some patients. Furthermore, patients with malignant diseases who undergo pancreatectomies often show poor nutritional statuses due to decreased exocrine or endocrine functions, obstructive jaundice, or advances of the malignant behavior of the disease itself. 17 To our knowledge, the relationship between the nutritional status or its management and postoperative outcomes after pancreatectomy has not been examined. The PNI can be calculated with a simple formula using albumin and the total lymphocyte count. 6 Postoperatively, alterations in nutritional status or in the PNIs have been associated with In the present study, we first examined the nutritional parameters or postoperative complications in each pancreatic architecture enhanced by duct obstruction or obesity.
In previous studies, a soft pancreas or small pancreatic duct size was significantly associated with pancreatic fistula. 22 Furthermore, in our experience, a fatty pancreas with fragility was associated with a higher risk of fistulas.
Higher choline esterase levels correlated with fatty changes, and an excessive nutritional status might enhance such a condition. Preoperative pancreatic inflammation correlated with preoperative amylase levels. Otherwise, there were no remarkable differences in the parameters between the groups. Thus, it is still difficult to evaluate the status of the pancreatic architecture form the preoperative blood parameters, including the PNIs. Contrary to previous reports, 22, 23 there was no difference in morbidity between patients with a normal soft pancreas and those with a hard pancreas with chronic inflammation in our series. However, fatty changes of the pancreas increased the morbidity risk.
To determine the clinical significance of the PNI results, we next examined the correlation between demographics, surgical data, and postoperative outcomes, although such a correlation could not be fully conducted.
Younger age was correlated with higher PNIs, as expected. Contrary to our expectation, the PNIs in patients with or without diabetes, alcoholism, and pancreatitis were not different, and the mean value of the PNI was set near 39, a value similar to the cut-off level of PNIs for postoperative morbidity in gastrointestinal surgeries in previous reports. [7] [8] [9] Preoperative PNIs correlated with other nutritional parameters. however, the PNIs were not correlated with serum amylase levels reflective of pancreatic inflammation. Thus, prediction of the pancreatic architecture and related surgical data were difficult by these nutritional parameters. Shi et al. 18 reported that impaired glucose tolerance levels and decreased albumin levels were associated with morbidity. If postoperative func-tional parameters are correlated with preoperative data, the preoperative function is supposed to predict the postoperative function and related complications. The study results showed that only total protein and albumin levels were correlated with the PNIs. Decreased levels of these parameters were not associated with morbidity (data was not shown). The PNI levels between each complication
were not different however, the presence of comprehensive complications tended to show lower preoperative PNIs (less than 39). As in previous reports, a cut-off level of PNI 40 was reasonable to predict operative risk however, the clinical significance level was not high and establishment as a predictive factor was difficult. Therefore, use of the new or modified prognostic nutritional index for pancreatectomy only should be the next step.
In conclusion, we examined the preoperative PNI levels and association with other demographics, nutritional or organ parameters, surgical data, and postoperative complica- 
